Olfactory impairment constitutes one of the earliest signs of Alzheimer's disease in older adults with mild cognitive impairment. We investigated which aspects of neuropsychological measures are correlated with olfactory identification performance among older adults with mild cognitive impairment. Total of 220 participants with mild cognitive impairment (mean age 71.7 years) were examined. Odor identification was assessed using the Open Essence test. Participants underwent comprehensive neurocognitive evaluation, including measures of verbal memory, visual memory, working memory, attention/ executive function, and processing speed. We examined associations between olfactory function and cognitive performance scores. Participants with severe hyposmia exhibited significantly poor verbal and visual memory performance, attention/ executive function, and slower processing speed scores compared with those without severe hyposmia. In multivariable logistic regression models, better performance scores on verbal and visual memory were significantly associated with decreased likelihood of severe hyposmia after adjusting for age, sex, education, and other cognitive performance scores. These findings suggest that olfactory impairment might be more closely associated with memory loss compared with other aspects of cognitive functioning in mild cognitive impairment subjects.
Introduction
Mild cognitive impairment (MCI) can be defined as a transitional stage between "normal" and "dementia" (Petersen 2004) . Because 80% of subjects with MCI develop Alzheimer's disease (AD) within a period of 6 years, we can regard MCI as an early process of AD (Petersen et al. 2001) . Early identification of risk of AD in subjects with MCI is important for dementia prevention. In particular, MCI subjects with major memory loss are at particularly high risk of developing AD (Busse et al. 2006) . In addition, the olfactory impairment was a predictor of increased risk for development of AD (Tabert et al. 2005; Devanand et al. 2008; Schubert et al. 2008) .
Brain atrophy and β-amyloid deposition have been observed in the medial temporal lobe (Nelson et al. 2012) , such as in the entorhinal cortex (Braak and Braak 1991; Mufson et al. 1999; Ries et al. 2008 ) and hippocampus (Chetelat et al. 2011) , which are related to the memory loss in the early stage of AD. These regions are also neural substrates for olfactory pathways. In a previous study using clinicopathological analyses, odor identification was found to be associated with tangle density in the entorhinal cortex and hippocampus ). Reduced brain density in these regions has been found to contribute to the prediction of conversion to AD (Jack et al. 1999; Devanand et al. 2007 Devanand et al. , 2012 Tapiola et al. 2008 ) among older individuals with MCI. Several previous cross-sectional studies reported a positive association between poor olfactory identification ability and AD (Doty et al. 1987; Serby et al. 1991) . Olfactory function is thought to decrease with increasing age (Murphy et al. 2002; Mackay-Sim et al. 2006) , and previous longitudinal studies have indicated that olfactory impairment is a predictor of increased risk for development of AD and incidence of cognitive impairment (Tabert et al. 2005; Devanand et al. 2008; Schubert et al. 2008) . Schubert et al. (2008) reported that impaired odor identification was associated with global cognitive decline as assessed by changes in mini-mental state examination (MMSE) scores over a 5-year follow-up period. This suggests that olfactory identification testing performance may be an early indicator for cognitive impairment and that it could be associated with global cognitive function among older people. However, the associations between olfactory identification performance and neuropsychological measures in older adults with MCI remain unclear.
Therefore, we hypothesized that the decreased odor identification ability in subjects with MCI may be related to the memory impairment that reflects the early pathology of AD. If this hypothesis is supported, we can give elderly people information about the incidence of cognitive impairment and the risk of MCI converting to AD (Tabert et al. 2005; Devanand et al. 2008; Schubert et al. 2008 ) using an odor identification test. This may contribute to the early prevention of AD in elderly people with MCI. In the current study, to test this hypothesis, we investigated which aspects of neuropsychological measures are correlated with olfactory identification performance among older adults with MCI.
Materials and methods

Subjects
Subjects were recruited from a database of elderly individuals who met the criteria for MCI (n = 945) in a community-based survey, the Obu Study of Health Promotion for the Elderly (OSHPE) (n = 5104). Details of the OSHPE protocol and the criteria for MCI have been reported elsewhere . In summary, MCI was defined as having subjective memory complaints, exhibiting intact general cognitive functioning [MMSE (Folstein et al. 1975 ) scores between 24 and 30], exhibiting age-adjusted objective cognitive impairment, exhibiting no use of Japanese long-term care insurance or no evidence of functional dependency (no need for supervision or external help to perform activities of daily living), and an absence of clinical criteria for dementia (Petersen and Knopman 2006) . We determined age-adjusted objective cognitive impairment (age-adjusted score of ≤1.5 standard deviations [SDs] below average) using the National Center for Geriatrics and Gerontology-Functional Assessment Tool (NCGG-FAT) . The NCGG-FAT consists of tasks to assess logical memory, word list memory, attention and executive, processing speed, and visuospatial skill. High test-retest reliability and moderate and high validity values for all task components of the NCGG-FAT have been confirmed in community-dwelling older adults . We excluded subjects with a history of major psychiatric illness (e.g., schizophrenia or bipolar disorder), depression symptom (Geriatric Depression Scale 15-item short version score ≥6) (Mitchell et al. 2010) , noserelated disease (e.g., empyema or sinusitis), and neurological or musculoskeletal conditions and those who were unable to complete the cognitive performance and olfactory identification tests in this study. Finally, 220 subjects with MCI (mean age 71.7 years, 50.9% women) were included in the present study and completed assessments of odor identification and neurocognitive function. This study was approved by the ethics committee of the National Center for Geriatrics and Gerontology. The purpose, nature, and potential risks of the experiments were fully explained, and all subjects gave written informed consent before participating in the study.
Assessment of odor identification
Odor identification was assessed using the Open Essence test (OE test, Wako Pure Chemical Industries) (Okutani et al. 2013 ). The OE test was developed as an odor identification assessment and is a card-type test for Japanese populations. In previous studies, the odor stick identification test for Japanese (OSIT-J) involved 13 different odorants familiar to the Japanese population and was reported to be an effective odor identification test for Japanese subjects (Kobayashi et al. 2006; Saito et al. 2006) . The OE test, smell identification test cards, was modified from the OSIT-J. The OE test includes 12 odor items familiar to people in Japan (Indian ink, wood, perfume, menthol, orange, curry, cooking gas, rose, Japanese cypress "hinoki," sweaty smelling clothes, condensed milk, and roasted garlic). Each odorant was contained in 12 cards folded in two. In the center of the left half of the opened card, microencapsulated test odorants were applied instead of glue. On the opposite side, 6 choices (4 alternatives of odor name, as well as "detectable but not recognized" and "no smell detected") are printed in Japanese. Subjects opened each card and wrote their answer. The number of correct answers was defined as the OE test score. Subjects underwent an odor identification assessment, once, in a controlled environmental condition (mean temperature: 19 ± 2 °C, mean humidity: 62 ± 6%) between March and May 2012. Subjects wiped their fingers with an odorless wet tissue to remove the any smell before assessment.
Neurocognitive assessment
Subjects underwent comprehensive neurocognitive evaluation, including measures of verbal memory, visual memory, working memory, attention/executive function, and processing speed. The neurocognitive assessment had a standardized format and was administered by licensed and well-trained clinical speech therapists in controlled environmental conditions. We created an assessment environment that enabled subjects to concentrate while performing cognitive assessments. Subjects were administered the neurocognitive assessment on 2 separate occasions between March and May 2012 to minimize errors due to fatigue.
Rey Auditory Verbal Learning Test
Rey Auditory Verbal Learning Test (RAVLT) performance was measured to assess subjects' verbal memory (Rey 1958) . The test was administered according to its original standards: 15 nouns (list A) were read 5 times by the examiner. The subjects then conducted free recall 5 times consecutively (A1-A5). After the fifth recall period, the examiner read a second list (list B) of 15 new words, followed by free recall (B). Immediately after (A6) and 30 min later (A7), recall of list A was again assessed. In this test, a list, consisting of 15 words from list A mixed with 15 new words, was read to the subjects. Subjects were instructed to identify which words belonged to the original list and which were new. We analyzed subjects' performance in the last list A free recall trial (A5) and list A 30-min delayed recall (A7).
Wechsler Memory Scale-Revised visual reproduction subtest
Visual memory was examined using the visual reproduction subtest of the Wechsler Memory Scale-Revised (WMS-R) (Wechsler 1987) . This test measures immediate (Visual Reproduction-I) and delayed retention (Visual Reproduction-II) of geometric figures.
Digit span test
We assessed working memory using the verbal digit span test (Wechsler 1981) . The digit span test includes both forward and backward conditions, in which a subject is presented with a number sequence and asked either to repeat it as it was presented or to repeat it in the reverse order. The test includes 2 sequences of each length, and testing ceases when the subjects fail to recollect any 2 sequences with the same length. The subjects' score, ranging from 0 to 14, represents the number of successful sequences. The difference between the verbal digit forward test score and the verbal digits backward test score was used as an index of the central executive component of working memory. Smaller difference scores indicate better working memory.
The tablet version of the trail making test
Attention and executive function were assessed using the tablet version of the trail making test (TMT). This type of TMT consists of 2 parts (A and B), as in the original written version of TMT (Lezak 2004) . In the tablet version of the TMT-A, subjects were required to touch the target numbers displayed randomly on the screen as rapidly as possible, in consecutive order (1-15). In the tablet version of TMT-B, subjects were required to touch target numbers or letters alternately between consecutive numbers and letters (Japanese Kana characters). We recorded the time (in seconds) taken to complete each task, within a maximum period of 90 s. Shorter time to complete the tasks represents better performance. A previous study confirmed that the tablet version of the TMT has excellent test-retest reliability and validated the test in comparison with the original written version of TMT ).
The tablet version of symbol digit substitution test
We used the tablet version of symbol digit substitution test (SDST) to assess processing speed. In this task, 9 pairs of numbers and symbols were presented at the top of the display. A target symbol was presented at the center of the display. Subjects then chose a number corresponding to a target symbol at the bottom of the display as rapidly as possible. The score was the number of correct numbers chosen within 90 s. One point was given for each correctly chosen number completed within the time limit. Higher scores represent better performance. The tablet version of the SDST has been found to exhibit excellent test-retest reliability and has been validated in comparison with the Digit Symbol-Coding subtest of the WAIS-III ).
Statistics
Means, SDs, and proportions were calculated to describe the samples and provide summary information of the measures used. A P value of <0.05 was considered to indicate statistical significance. All data entry and analyses were performed using SPSS Windows 17.0. Student's t-tests and chi-square tests (to test for diagnosis and sex differences) were used to compare the demographic variables, neuropsychological measures, and cognitive performance scores between the subjects with severe hyposmia (OE test ≤ 4) and those without severe hyposmia (OE test ≥ 5) (Baba et al. 2012) . Pearson correlation coefficients were calculated to assess simple relationships between OE test score and cognitive test performance. Linear regression analysis was used to assess the relationships between variables while controlling for age to minimize the confounding influence of age-related changes in olfactory identification performance, and standardized β values were calculated. We used univariate logistic regression analysis with severe hyposmia as the dependent variable (OE test ≤ 4) and RAVLT-A5 score, RAVLT-A7 score, Visual Reproduction-I score, and Visual Reproduction-II score as the independent variables to examine the associations between severe hyposmia and memory function. In addition, the odds ratios (ORs) for severe hyposmia for memory performance tests were adjusted for demographic variables, attention, executive function, and processing speed using multivariable logistic regression models.
Results
Subjects with severe hyposmia (OE test ≤ 4) were significantly older, had lower education levels, reduced verbal and visual memory performance, decreased attention/executive function, and slower processing speed scores compared with those without severe hyposmia (OE test ≥ 5) ( Table 1 ). There were no significant between-group differences in sex and diagnosis.
Verbal memory (RAVLT-A5, r = 0.340, P < 0.001; RAVLT-A7, r = 0.302, P < 0.001), visual memory (Visual Reproduction-I, r = 0.265, P < 0.001; Visual Reproduction-II, r = 0.346, P < 0.001), attention/executive function (tablet version of TMT-A, r = −0.173, P = 0.010; tablet version of TMT-B, r = −0.188, P = 0.005), and processing speed (tablet version of SDST, r = −0.245, P < 0.001) were significantly associated with OE test scores, but working memory (digit span, r = −0.082, P < 0.225) was not. Verbal memory (RAVLT-A5, β = 0.265, P < 0.001; RAVLT-A7, β = 0.215, P = 0.002) and visual memory (Visual Reproduction-I, β = 0.169, P = 0.015; Visual Reproduction-II, β = 0.270, P < 0.001) were significantly correlated with OE test scores, even after adjusting for age in the linear regression model ( Table 2) .
The univariate logistic regression analysis revealed that better performance on the RAVLT-A5 (OR 0.74, 95% confidence interval [CI] 0.64-0.86, P < 0.001), RAVLT-A7 (OR 0.81, 95% (Table 3) .
Discussion
The present results revealed that olfactory identification performance was associated with verbal and visual memory performance in older adults with MCI. This association remained significant after controlling for age, sex, education, and cognitive function, including attention, executive function, and processing speed. Previous cross-sectional and epidemiological studies indicated that olfactory function was impaired in individuals with MCI compared with normal controls (Eibenstein et al. 2005; Djordjevic et al. 2008) , and olfactory impairment was associated with the incidence of MCI (Wilson et al. 2006; ). In addition, poor odor identification performance in MCI individuals has been shown to predict conversion to dementia (Devanand et al. 2000; Djordjevic et al. 2008; Fusetti et al. 2010) . In a longitudinal cohort study with annual follow-up evaluations for up to 5 years, impaired odor identification was also associated with a lower level of global cognition at baseline and more rapid decline in episodic memory, semantic memory, and perceptual speed ). Djordjevic et al. (2008) examined the relationship between olfactory ability and cognitive impairment in patients with AD, patients with MCI, and in normal elderly control subjects. They reported that olfactory identification was associated with cognitive performance, especially verbal, visual, and working memory, and verbal fluency performance among older participants including AD and MCI patients, and healthy subjects. Although this previous study used a relatively small sample, testing only 51 MCI subjects, interestingly, the results of the subanalysis of MCI subjects showed that odor identification ability was associated with memory assessed by the RAVLT-5 (verbal immediate memory). The present findings revealed that poor odor identification performance was related to lower memory function in an aged population of people with MCI, testing more than 200 individuals. The results of our study including only MCI subjects also indicated that severe hyposmia was associated with memory rather than attention/executive function and processing speed. In addition, the relationships between olfactory function and memory remained significant after controlling for age, sex, education, and cognitive function (except for memory), including attention, executive function, and processing speed. These results suggest that olfactory identification performance is more closely related to memory than to other aspects of cognitive functioning in older adults with MCI. Because the present study included only MCI subjects, further research in a large cohort including older, cognitively intact individuals will be needed to clarify these points. A large number of previous studies have reported that severe memory loss can progress to AD (Petersen et al. 2001; Levey et al. 2006) . Accelerated atrophy of the medial temporal lobe, including the entorhinal cortex, hippocampus, and parahippocampal gyrus, is reported to be related to an increased risk of developing AD (Devanand et al. 2007 (Devanand et al. , 2012 Spulber et al. 2012) . In this study, odor identification ability was found to be related to verbal and visual memory, but not to working memory. In general, working memory is considered to be a function of the frontal lobe (Haxby et al. 2000) . The results of the current study suggest that odor identification in subjects with MCI is decreased owing to an effect on olfactory processes excluding frontal lobe function. In a previous study using clinicopathological analyses of an aging population in the Rush Memory and Aging Project ), odor identification was associated with tangle density in the entorhinal cortex and hippocampus, and components of the central olfactory system are thought to be among the first sites of pathological changes in AD (Kesslak et al. 1991; Braak and Braak 1997; Killiany et al. 2002) . Therefore, the odor identification disability revealed in this study might be related to a disorder of the inside temporal lobe, where the initial pathological changes of AD occur, in support of our hypothesis. Impaired odor identification has been associated with more rapid cognitive decline (Graves et al. 1999; Royall et al. 2002; Swan and Carmelli 2002; Wilson et al. 2006 ) and an increased risk of conversion to AD (Devanand et al. 2000; Tabert et al. 2005) . Although the present study did not produce neuroimaging data, the poor olfactory identification performance we observed is likely to be related to the hippocampus and associated structures of the medial temporal lobe, which are recruited during memory performance. On the other hand, a previous study suggested that the anosmia in dementia was associated with Lewy bodies rather than Alzheimer's pathology (McShane et al. 2001) . Lewy bodies are found in the olfactory bulb early in dementia with Lewy bodies (DLB) (Braak et al. 2003 ). The present study may include MCI subjects with a high risk of developing not only AD but also DLB, especially in those showing severe hyposmia. To determine the effects of hyposmia on differences in risk of dementia type, DLB or AD, it will be necessary to design future studies including neuropathological testing and long-term follow-up observation.
Olfactory performance is easily assessed using the OE test, and it is not necessary for assessors to have thorough specific knowledge; it also seems that the OE test requires a lower mental workload than memory tests. Therefore, it can be performed in the community and nonclinical settings by nonspecialized persons. If the decreased odor identification ability of MCI subjects is associated with a memory impairment, as the results of this study show, odor identification tests, which we can conduct easily, may provide information to more many elderly people about the incidence of MCI and the risk of converting to AD. Elderly people may receive a preventive intervention in the earlier stage of MCI. MCI is considered a suitable target for therapeutic intervention (Petersen et al. 2001) , and several nonpharmacological interventions are currently used to maintain cognitive function and brain health in older people (Teixeira et al. 2012) . Interestingly, one study reported increased activation in the entorhinal cortex, right hippocampus, and posterior parahippocampal gyri during correct odor identification (Kjelvik et al. 2012 ). This finding suggested that these brain regions can be activated during an odor identification task. It might be important to examine the effect of interventions on memory function using odor identification tasks in the future because of the association between odor identification ability and memory impairment in MCI subjects shown in this study.
Several limitations of the current study must be considered. Our data were collected using a cross-sectional design. In addition, some factors-e.g., time of day (Lotsch et al. 1997; Higuchi et al. 2000) and food intake (Kaplan et al. 2000; Stafford and Welbeck 2011) -that may have affected cognitive and odor identification performances were not controlled. Further experiments using longitudinal and interventional designs will be required for more accurately defining the associations between olfactory function and cognition, particularly memory function, in the processes of cognitive change. In addition, we did not collect data from healthy older persons or patients with AD in the present study. Additional analyses, including comparisons of nonimpaired and severe cognitive impairment groups, may be needed to clarify the associations between olfactory identification and memory function. Future studies examining cognitively healthy controls and patients with AD will be needed to determine the relationships between olfactory function and memory in AD-related processes.
In conclusion, we observed significant associations between olfactory identification and memory performance in older adults with MCI. These findings suggest that olfactory impairment may be more closely associated with memory loss compared with the other aspects of cognitive functioning in MCI subjects. Therefore, the assessment of olfactory function may enable early detection of memory decline. Investigation of an effect of MCI on brain health (in particular, memory function and odor identification) is needed in the near future.
Further longitudinal and intervention studies with adequate adjustment for potential confounders (e.g., brain structure changes) are required to examine the effects of olfactory function on memory function and cognition among older adults at risk of dementia.
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